Abstract. The LHCb experiment is designed to study the properties and decays of heavy flavored hadrons produced in pp collisions at the LHC. The data collected enables precision spectroscopy studies of beauty and charm hadrons. The latest results on spectroscopy of conventional and exotic hadrons are reviewed.
Introduction
In the simple quark model, only two types of quark combinations are required to account for the existing hadrons, i.e.combinations form mesons, while baryons are made up of three quarks. However, in the quark model proposed by Gell-Mann and Zweig in 1960s [1] other SU(3) color-neutral combinations of quarks and gluons such as gg glueballs, qqg hybrids,tetraquarks,pentaquarks etc. are allowed. The world's largest data sample of beauty and charm hadrons collected by LHCb provides great opportunities for studying the production and properties of heavy hadrons. The present document describes some recent results from LHCb in exotic and standard hadron spectroscopy.
2 The observation of pentaquarks in Λ 0 b → J/ψpK − Evidences/observations of pentaquarks candidates were reported around 2005 by several experiments, always with low statistics and approximate statistical treatment of the data. For a summary and references see ref. [2] . High statistics searches gave negative results (see for example ref. [3] ).
LHCb experiment studied the decay of Λ 0 b → J/ψpK − [4] . A sample of 26, 007 ± 166 signal candidates, on 5.4% background, within ±15 MeV of the J/ψpK − mass peak has been selected using the full Run I dataset. An anomalous peaking structure in the J/ψp invariant mass spectrum was observed on the Dalitz plot. This structure can also be seen in the invariant mass projections shown in Fig. 1 . If the peak structure observed in Fig. 1(b) represents a resonance strongly decaying into J/ψp, the minimal valence quarks should be ccuud, a charmonium pentaquark state. A full six-dimensional amplitude fit with resonance invariant mass, three helicity angles and two differences between decay planes has been applied to describe the data. It allowed interference between the decays Λ − with a significance larger than 13.9σ [10] . The LHCb collaboration performed both a model independent analysis as well as a full amplitude analysis. The projection of the fit including the Z c (4430) − state is shown in − has a minimum quark content of ccud which clearly does not fit into the traditional quark model.
Study of B → J/ψφK
There has been a great deal of experimental and theoretical interest in J/ψφ mass structures in B + → J/ψφK + decays since the CDF collaboration presented 3.8σ evidence for a near-threshold X(4140) mass peak, with width Γ = 11.7 MeV [11] . Subsequent measurements resulted in a confusing experimental situation. LHCb experiment has reconstructed 4289 ± 151 B + → J/ψφK + decays, with roughly uniform efficiency and a relatively low background across the entire J/ψφ mass range [12] . A full amplitude analysis has been performed, including resonant contributions from K * resonances decaying to φK + . Four resonant contributions in the J/ψφ final state are found to contribute, whose parameters and quantum numbers are given in Table 1 . The fit results are superimposed to the J/ψφ mass spectrum in fig. 3 . It can be noted that the X(4140) width is substantially larger than previously The spectroscopy of singly charmed baryons cqq ′ is intricate. With three quarks and numerous degrees of freedom, many states are expected. Among the expected charmed baryon states the spectrum of Ω c baryons, which have quark content css and isospin zero, was largely unknown: only the Ω c and Ω c (2770) 0 , presumed to be the J P = 1/2 + and 3/2 + ground states, were observed. The LHCb experiment has reconstructed a large (≈ 10 6 events) and high-purity (83%) sample of Ξ + c baryons, reconstructed in the Cabibbo-suppressed decay mode pK + π − [13] . Surprisingly, in the Ξ Table 2 . The data indicate also the presence of a broad structure around 3188 MeV that is fitted as a single resonance but could be produced in other ways, for example as a superposition of several states. In addition, the partially reconstructed decay decays with a significance of > 12σ of a Ξ ++ cc state that has a mass of m(Ξ ++ cc ) = 3621.40 ± 0.72(stat) ± 0.27(syst) ± 0.14(Λ c ) MeV and a width that is much smaller than experimental resolution and that is consistent with a particle that flies a significant distance before decaying. This is the first published observation of the Ξ ++ cc baryon. The published SELEX Ξ + cc state has a mass that is 103±2 MeV smaller than the Ξ ++ cc state, so the two observations are inconsistent with being isospin partners. A consistent interpretation of the two observations may prove challenging.
Lifetime measurement of Ξ ++ cc
LHCb experiment has performed a Ξ ++ cc lifetime measurement relative to that of the Λ
which has the same topology [16] . An unbinned maximum likelihood fit to the background subtracted (using the sFit method) Ξ ++ cc decay time distribution has been performed using the function
where ǫ indicate the time dependent efficiencies. The fitted and background subtracted Ξ ++ cc lifetime distribution is shown in Fig. 5(b) . The measured lifetime is 
= 0.035 ± 0.009(stat) ± 0.003(syst).
Measurement of the Ω c baryon lifetime
Charm baryon lifetimes are known much less precisely than charm meson ones. The expected lifetime hierarchy should be:
and current measurements are consistent with this. LHCb experiment makes use a sample of approximately 10
and a dataset of 3 f b −1 . To reduce uncertainties the ratio with respect to the 
In the case of semileptonic decays the missing p ν momentum is reconstructed assuming a zero-mass particle that balances the momentum transverse to the direction of Λ 
